Thirty fungal species grown on Cichorium intybus L. root extract as a sole carbon source, were screened for the production of exo-inulinase activities. The thermophile Thielavia terrestris NRRL 8126 and mesophile 
INTRODUCTION
Inulin is a potential source of fructose, or fruit sugar (22) . Chemically, it is a polymer (MM= 60000) of fructose units linked by -2,1 bonds with a terminal glucose residue linked by -1,2 bonds. This polymer is a potential feedstock for fuel ethanol production and fructose products. These fructooligosaccharides are widely used in many countries as food ingredients since they show many health benefits without any known harmful risks such as toxicity, carcinogenicity and mortality (3, 13, 24, 35) . Moreover, crude inulin from chicory root extracts is hydrolyzed faster than pure inulin (36, 37) .
Inulin hydrolyzing enzymes (inulinases) are produced by plants, filamentous fungi, yeasts, and bacteria. Among the filamentous fungi, Aspergillus and Penicillium species are common inulinase producers (5, 9, 21, 25, 42, 43 (14, 28, 32) .
Unfortunately, only a few of inulinases required for industrial applications have an optimum temperature of 50 °C or higher (14, 16, 19, 41) . Therefore the search for inulinase fungal producers and the purification of these enzymes have received increasing attention. The purification and properties of inulinases have been studied in many fungal species (5, 7, 15, 18, 29, 30) .
Thermophilic fungi can produce inulinases of higher optimum temperature which is an extremely important factor in the commercial industrial production of fructose or fructooligosaccharides from inulin. This is mainly because high temperatures ensure proper solubility of inulin and also prevent microbial contamination (9, 14, 46, 47) . Moreover, higher thermostability of the industrially important enzymes also brings down the cost of production because lower amounts of enzyme are required to produce the desired product (16) .
This work aims at the comparison between the optimum conditions for the production, purification and characterization of extracellular inulinases from the thermophile Thielavia terrestris NRRL 8126 and the mesophile Aspergillus foetidus NRRL 337. The aforementioned fungi were chosen after performing an initial screening of 30 fungal species belonging to 11 genera for their capability to produce inulinases when grown on Cichorium intybus root extract.
MATERIALS AND METHODS

Microorganisms and maintenance
All the micro-organisms used throughout this work were obtained from NRRL (Agricultural Research Service Culture Collection 
Preparation of Cichorium intybus root extract
Chicory was gathered from Sharkeya governorate north east of Egypt and washed with cold water, grounded and blended by a mixer as a known weight of fresh roots (2%) with of 0.2 M citrate phosphate buffer (pH 6.0). The whole blend of Chicory extract was used as a sole carbon source throughout the study.
Inoculum preparation
Spores from the agar slants were suspended in sterile saline solution (0.85% NaCl) containing 0.01% Tween 80 to obtain 2.0 x 10 6 spore ml -1 . For all the experiments, 1 ml of this suspension was used.
Screening of fungal species for their potentiality to produce exo-inulinase
Fungal species were incubated for 6 days in 250 ml capacity Erlenmeyer conical flasks (triplicate) containing 50 ml of basal medium for the production of inulinases (2% chicory root extract, 0.05% MgSO 4 7H 2 0, 0.2% NH 4 H 2 PO 4 and 0.1% KH 2 PO 4 ).The pH was adjusted at 6.0 (27, 51) . The incubation was done at the ideal temperature for each fungus as previously Inulinases from Thielavia and Aspergillus mentioned in Table 1 . At the end of the fermentation process, the contents of each flask were gathered, and rapidly filtered using Whatman No:1 filter paper. The filtrate was then subjected to an enzyme assay for the determination of inulinases activity, in order to select the best fungi that were chosen for further studies.
Inulinase assay
One ml of Crude enzyme was added to 1ml of 0.5% (w/v) inulin (Sigma) in 0.2 M citrate phosphate buffer (pH 6.0) and incubated at 40 ºC for 20 min. The reaction was terminated by boiling for 5 min (19) . The reducing sugars were subsequently analysed by 3.5 dinitrosalicylic-DNSA reagent (23) . One unit of inulinase (U) was defined as the amount of enzyme, which produced 1 µmol min −1 of fructose under the assay conditions as described above.
Protein determination
Total protein was determined by using bovine serum albumin as protein standard (4) . All the assay were carried out in triplicates. The pH was adjusted at 6.0, inoculated with spore suspension of the selected fungi and incubated as described before, then the inulinases activities were determined. 
Effect of different concentration of
Effect of different nitrogen sources on inulinases production
Effect of different incubation periods on inulinases production
Triplicate flasks were inoculated with each of the experimental fungi using the best concentration of Chicory root extract and the best nitrogen source from the previous experiments and incubated for different periods (3 -8 days).
Enzyme purification and characterization
Aliquots of cell-free dialysate (CFD) were separately treated with (NH 4 ) 2 SO 4 using range of saturation from 0. 
Statistical validation of treatment effects:
The mean, standard deviation, T-score and probability "P" values of 3
replicates of the investigated factors and the control were computed according to the mathematical principles described by Glantz (17) . Results were considered highly significant, significant or non-significant where P < 0.01, > 0.01 and < 0.05, > 0.05 respectively. The comparison of all means was also carried out by Anova test for analysis of variance between groups (52).
RESULTS
Data are expressed in Table 1 after 6 days incubation at 50 and 24 ºC respectively ( Table 1 ).
The results in Table 2 showed that the best concentration of Chicory root extract in media was 4% for the two inulinases. When the effect of organic and inorganic nitrogen sources on inulinases production from the two selected fungi were investigated, it was observed that the yeast extract and peptone were the best organic sources which enhanced the production activity of inulinase I to 17.87 and inulinase II to 15.33 U ml -1 from T. terrestris and A. foetidus respectively ( Table 3 ). The results in Table ( 4) showed that five and seven days of incubation were the best for inulinases I & II production respectively.
The first step of purification of the two enzymes is carried out by precipitation of protein from the cell-free dialysate.
Isopropanol (1:1) and methanol (1:1) were found to be superior in obtaining protein fraction having the highest total activity of Inulinases from Thielavia and Aspergillus inulinases I & II respectively. This resulted in 2.8 folds of purification in case of inulinase I (Table 5 ) and 2.7 folds in case of inulinase II (Table 6 ) with yields of 86.4 % and 94.9 % of the original activities respectively. *maintenance media (numbers in parentheses correspond to the number of the medium in the DSMZ catalogue (8) and ideal incubation temperature for strain ( ) thermotolerent fungus. The obtained data was statistically analyzed using ANOVA (Analysis of variance between groups) the greater F value and P < 0.01 reflect a highly significant relations between results; ( )=Highest value to which other data was statistically compared using T-Test. Value in the table represents the mean of 3 reading expressed as U ml -1 ± standard deviation. The obtained data was statistically analyzed using ANOVA (Analysis of variance between groups) the greater F value and P < 0.01 reflect a highly significant relations between results; ( )=value to which other data was statistically compared using T-Test (Tables 2-4) . Inulinases from Thielavia and Aspergillus Tables 7 and 8 (Table 7) , the highest activity was detected in peak 3 ( Fig. 2 ) Inulinase II was purified 42.0
fold to a specific activity of 100.9 U/mg protein (Table 8) , the highest activity was detected in peak 2 (Fig. 4) . Inulinases I & II were separated at the concentration of 0.4 M of NaCl.
The optimum temperature of purified inulinase I was 75 ºC and 50 ºC for inulinase II (Fig. 5) . Inulinase I retained its original activity after heating up to 75ºC for 1 hr. and lost 35%
of its activity at 90ºC for 15 min (Fig. 6 ). However, inulinase II retained its original activity at 50ºC only for 45 min. and no activity was recorded after heating the enzyme (inulinase II) at 70 ºC for 1 hr (Fig. 7) .
The optimum pH for activity was found to be 4. (Table 1) . However, in a previous study, Aspergillus niveus and Penicillum purpurogenum when grown on chicory root gave the highest inulinase activity at 7.0 and 9.00 U/ml respectively (26) . The selection of the aforementioned two fungi aimed at throwing some light and comparing between the production and purification of inulinase from the two different fungi. T. terrestris and A. foetidus have an ideal temperature for growth of 50ºC and 24ºC respectively (8) .
In Table 2) . In this respect, other authors reported different optimum concentrations of composite plants extracts: 3% for Jerusalem artichoke (2, 12) and 5% for sunflower (11) as carbon sources for inulinases production. These different concentrations varied according to the type of plants (38, 39, 44, 45) . Yeast extract and peptone showed superiority over inorganic nitrogen sources for the production of inulinases I & II from T. terrestris and A.
foetidus respectively (Table 3) , these results were also reported two authors (11, 12 ). It appears that each fungal species has a preference for a specific nitrogen source for optimum production of inulinase (6) . Inulinase I from the thermophile T.
terrestris achieved its higher activity after 5 days of incubation, while 7 days was the ideal incubation for inulinase II productivity from A. foetidus (Table 4 ). This finding was in accordance with previous authors (1, 9, 10, 16) who showed that thermophiles in general, possess a more faster rate of enzyme production than mesophiles.
Concerning the purification steps, the superiority of isopropanol and methanol in obtaining protein fraction having the highest total enzyme activity confirmed that inulinase has a particular structure which makes it resist the known denaturing effect of organic solvents (Tables 5, 6 ). Suitability of organic solvents in this regard was previously recorded by several authors (18, 48, 49) .
Concerning the effect of temperature on the two inulinases activities (Fig 5) , inulinase I was highly optimal at 75ºC, showing complete stability for one hour at the aforementioned Inulinases from Thielavia and Aspergillus degree than inulinase II which was optimal at only 50ºC.
Inulinase I also showed high stability up to 85ºC for 15 min.
( Fig 6) . This result is in agreement to a certain extent with the results obtained for other inulinases from Aspergillus ficuum (9) , and Aspergillus fumigatus (16) . Inulinase II showed less stability (Fig. 7) when compared with inulinase I from the thermophile T. terrestris. Thus, the higher thermostability of inulinase I makes it a potential candidate for commercial production of fructose (46) . Aspergillus versicolor (19) and Penicillium janczewskii (33) were recorded at 3.8 and 4.4 mg/ml respectively. Moreover, comparatively lower k m value (2.15 mg/ml) and higher maximum initial velocity (115 µmol/min/mg of protein) for inulinase I demonstrate the exoinulinase's greater affinity for inulin substrate. These findings are significant for its potential industrial application (31) . The lower molecular mass (Fig. 10) of the inulinase I (72 kDa) than inulinase II (78 kDa) often evaluate the relative affinities of this enzyme (40) .
Finally, thermophiles and especially thermophilic enzymes have gained a great deal of interest both as analytical tools, and as biocatalysts for application on a large scale.
Utilization of these enzymes is up to our present day, despite many efforts, often limited by the cost of the enzymes (46) .
With an increasing market for the enzymes, leading to production in higher volumes, the cost is however predicted to decrease. Moreover, with a paradigm shift in industry moving from fossil fuels towards renewable resource utilization, the need of microbial catalysts is predicted to increase, and certainly there will be a continued and increased need of thermostable selective biocatalysts in the future.
CONCLUSION
Inulinases are promising candidates for use as complements in food ingredients and in the production of fermenting sugars. However, their utilization was limited due to the high cost of their production. Chicory is a very common wild plant in Egypt and so can be used as a cheap substrate for the commercial production of inulinase. The abundance of inulinases production by Thielavia terrestris and Aspergillus foetidus and the remarkable higher thermostability of inulinase I from T. terrestris can have a positive effect on enzyme industry.
